resumo Jansen (1996) e Jansen e Schulze (1996) , baseados numa amostra de países desenvolvidos, argumentam que um modelo de correção de erros seria a especificação correta para estimar a correlação poupança-investimento. O objetivo deste artigo é verificar se o mesmo argumento pode ser feito usando-se uma amostra de países em desenvolvimento. Quando se trata de países em desenvolvimento, um modelo de correção de erros é, de fato, superior? Quão sério é o viés potencial das regressões em níveis e em primeiras diferenças relativamente ao modelo de correção de erros? Embora a teoria implique a existência de uma relação de longo prazo entre poupança e investimento, este não parece ser o caso para a maioria dos países em desenvolvimento. Então, a equação em diferenças não tem problema de especificação. Baseado nesta equação, encontra-se evidência de um grau intermediário de mobilidade de capitais em países em desenvolvimento, de acordo com o critério de Feldstein e Horioka.
introduction
suggested the correlation between saving and investment as a measure of the degree of capital mobility. Based on a sample of 16 OECD countries, they obtained evidence that saving and investment were highly correlated and concluded that the degree of capital mobility in industrialized countries was low, going against accepted wisdom that these countries had few restrictions on capital flows. Besides this, the estimated correlation was extremely stable over time, despite the belief that capital mobility had increased after the mid-1970s. Murphy (1984) , Obstfeld (1986) , Dooley et al. (1987) and Wong (1990) also found evidence of an association between saving and investment for less industrialized and developing countries, although the estimated correlations are on average lower. Nevertheless, the estimated correlations are also lower in the period before the mid-70s than afterward. The regularity of the results has made the saving-investment correlation of Feldstein and Horioka one of the most important puzzles in international macroeconomics. (Obstfeld and Rogoff, 2000) .
The initial regressions were done using cross-section data. As observed by Wong (1990) , this brings a serious problem of sample selection bias. To deal with this problem, various authors have estimated the saving-investment correlation for individual countries using time series, doing the regressions with the variables in levels and/ or first differences. More recently, unit root and cointegration techniques have been used in three main approaches. The first starts from the observation that if saving and investment are I(1), the hypothesis of Feldstein and Horioka of perfect correlation can be reinterpreted as the hypothesis that saving and investment are cointegrated with a (1,-1)' cointegration vector. The second is based on the additional claim that the difference between national saving and investment is, from an accounting standpoint, equal to the current account balance of payments. Hence, the cointegration between saving and investment implies that the saving-investment linear combination, or the current account balance, is I(0). In this form, if the hypothesis that the current account balance is I(1) cannot be rejected, one can conclude that there is some degree of capital mobility. Finally, the third approach argues that an error correction model is the correct specification, for two reasons. First, investment and saving should be nonstationary variables. Second, investment and saving are bound by the intertemporal budget constraint, i.e., are cointegrated. Variables that exhibit these two characteristics must be specified using an error correction model (Engle and Granger, 1987) . Besides this, as observed by Jansen (1996) and Jansen and Schulze (1996) , an error correction model would be a synthesis of the other approaches in the literature, which focus either on the long-run relation (cointegration) or only on the short-term one (estimates of from the original Feldstein and Horioka regressions, in levels or first differences).
The purpose of this paper is to deal with the Feldstein-Horioka puzzle from a methodological point of view. Given the serious criticisms of the cross-section estimations, what can be said using a time series approach? Is it possible to get a common result using the three approaches described above? If not, is an error correction model indeed better, as suggested by Jansen (1996) and Jansen and Schulze (1996) ? How serious is the potential bias from using regressions in levels and in first differences instead of an error correction model? In order to do this, we employ a sample of 22 developing countries during the period . There are two reasons for this choice. First, the available evidence for developing countries is relatively scarce and controversial. Second, we are not aware of studies that explicitly assess the cointegration between saving and investment for these countries.
The paper is organized as follows. The second section discusses the different econometric specifications used to measure the saving-investment correlation in developing countries. The third section presents the results of the estimations from the error correction model. The fourth section compares the results of the different approaches, and the fifth section summarizes the main conclusions.
the Feldstein-horiokA equAtion And its diFFerent econometric speci-

FicAtions
Following Feldstein and Horioka (1980) , Dooley et al. (1987) propose evaluating the degree of capital mobility through the correlation between saving and investment, estimating the following regression using cross-section data for developing countries:
where ( / I Y ) is the ratio between gross domestic investment and gross national product (GNP), ( / S Y ) is the ratio between gross domestic saving and GNP, i is a country index, a and b represent parameters to be estimated, and u is an error term. For small countries, b should be near zero under the hypothesis of perfect capital mobility. When b is equal to zero there is no relation between domestic saving and investment. On the other hand, if b is large, capital should be highly immobile. If b is equal to 1, for example, all additional saving is used to finance domestic investment.
Given that I/Y and S/Y are pro-cyclical, annual data will imply an upward bias in the coefficient b. Averaged data, then, is used in order to eliminate the effects of the economic cycle (see, among others, Bayoumi, 1990) . 1 Equation (2.1) also has also been estimated using time series for developing countries individually. The use of time series instead of cross sections should bring two advantages. First, it avoids the problem of sample selection bias typical of cross-section studies. (Wong, 1990) . Second, it avoids bias against capital mobility resulting from the correlation between saving and investment introduced by using averaged data in an intertemporal context. (Sinn, 1992) . By the solvency condition, a country cannot take or make loans indefinitely, i.e., current account surpluses (deficits) must be followed at some point by corresponding deficits (surpluses). By definition, a country's current account balance in a period is equal to the difference between its investment and saving. Given that the sum of the current account balances should be zero over the long run, the same should occur with the difference between saving and investment. Since the long-run means of the saving/GNP and investment/GNP ratios are approximately equal, the use of averaged data introduces a correlation between these two variables. Hence, cross-section regressions employing averaged data will erroneously signal a low level of capital mobility. Montiel (1994) uses variables in levels:
1 Various reasons have been given to explain why saving and investment might be correlated even in the presence of capital mobility. Summers (1988) and Obstfeld (1986) point to population growth and shocks to productivity, while Murphy (1986) and Wong (1990) put forward nontradable goods and immobile factors. Besides this, if governments have a current account target, a positive correlation between saving and investment can appear irrespective of capital mobility. (Summers, 1988; Bayoumi, 1990) . To hit the current account target when faced with a deficit, the government can resort to a tight fiscal policy. Since national saving is the sum of public and private saving, national saving becomes endogenous through its public component. Tobin (1983) and Murphy (1984) present a country-size effect. Exogenous changes in the saving of a large country can affect the world interest rate, and investment as well, causing a co-movement between saving and investment.
Because this specification ignores the process of dynamic adjustment, it cannot adequately capture the saving-investment dynamic.
Therefore, Montiel (1994) also estimates the equation in first differences:
The idea behind working with first differences is to make the series stationary. However, unless there is no long-run relationship (cointegration) between saving and investment, equation (2.3) is poorly specified (it is over-identified). Since saving can be an endogenous variable, implying inconsistent estimates for both equations (2.2) and (2.3), they were estimated using ordinary least squares and instrumental variables.
With is I(0). Given that by definition the current account is equal to the difference between saving and investment, if it is not posible to reject the hypothesis of non-stationarity of the current account, there is capital mobility. Bagnai and Manzocchi (1996) investigate whether or not the current account balance of 37 developing countries capital was stationary and conclude that in 14 of the 37 countries in the sample there is some degree of mobility. Mamingi (1997) tests for cointegration using an error correction model. Montiel (1994) simply assumes that saving and investment are cointegrated given that the solvency condition does not allow these to diverge permanently. Mamingi (1997) estimates a time-series version of equation (2.1) adopting the fully modified OLS estimator (Phillips and Hansen, 1990) , since this corrects for endogeneity and serial correlation and asymptotically eliminates sample bias. Montiel (1994) , in turn, estimates the following error correction model employing ordinary least squares and instrumental variables: The results based on time series indicate that capital mobility in developing countries is greater than expected, although there is no consensus regarding the extent of this mobility in each country individually (Table 1) . As can be observed, only two of the 19 countries (Israel and S. Korea) are equally classified by Mamingi (1997) , Montiel (1994) and Bagnai and Manzocchi (1996) . On the other hand, the degrees of capital mobility of six countries (Ecuador, Guatemala, India, Malawi, Senegal and Thailand) are classified differently by the three authors. Notes: Previous results are shown only for the countries that will be analyzed later in this work.
"Intermediate" indicates that both the hypothesis of perfect mobility as well as that of perfect immobility were rejected; "mobility" means that only the hypothesis of perfect capital mobility was not rejected; "immobility" indicates that only the hypothesis of perfect immobility was not rejected; and "inconclusive" means that it was not possible to discriminate between mobility and immobility. Source: Mamingi (1997, Jansen (1996) and Jansen and Schulze (1996) , argue that the error correction model is the only specification with theoretical support. Given that in steady state /
that is, the current account is in equilibrium over the long run because of the solvency condition, the dynamics of saving and investment is temporary. An error correction model, then, is the best alternative to model the problem since it consists of a dynamic equation with a steady-state solution that is compatible with the equilibrium. Additionally, the error correction model includes the other specifications as special cases.
They consider the following specification:
where e is a well-behaved error term. The parameter of interest is b. It measures the movements of saving and investment in response to shocks that affect the economy. The error correction term
captures the long-term relationship. Saving and investment are cointegrated only if g ≠ 0. The cointegration or long-run relationship is given by:
The cointegration vector is
is a variable that is stationary around -a / g . The current account fluctuates around zero if a d 0 = = . Equation (3.1) can then be seen as a synthesis of the other approaches in the literature. Equation (2.2), which performs the regression with the variables in levels, is a static equation and therefore is conceptually comparable to the long-run relation (3.2). Equation (2.2) can be obtained from equation (3.1) by making b d 1 -= and g =1. Equation (2.3), in turn, measures the short-run correlation but has no solution in the long run because the levels of saving and investment in steady state are indeterminate.
2 Equation (2.3) is obtained from equation (3.1) by making g d 0 = = .
3 Besides estimating the short-term dynamic, the error correction model also simultaneously estimates the long-run dynamic. In this way, equation (3.1) also takes into account the long-run relation between saving and investment that the recent application of cointegration techniques to the assessment of capital mobility tries to capture. Testing whether g =0 is the same as testing for cointegration. Jansen (1996) and Jansen and Schulze (1996) suggest the following steps to detect capital mobility using an error correction model:
Non-rejection of g 0 = implies that saving and investment are not cointegrated. This constitutes evidence of capital mobility according to the criterion of Feldstein and Horioka, as long as saving and investment are not correlated. If g is really equal to zero, it is not necessary to evaluate b and d. Rejection of g 0 = implies that there is a relationship between saving and investment. The estimate of d will determine the type of this relationship. If d 0 = , the current account (saving minus investment) is a constant in the long run ( a g / -), i.e., the current account is stationary around a g / -. This result is typical of intertemporal equilibrium models that explicitly assume perfect capital mobility. In this case, it is not possible to reach any conclusion regarding the degree of capital mobility. If d 0 ¹ , saving and investment are not cointegrated with vector (1,-1)' but with vector d g (1 / , 1)' + -. The current account balance, therefore, is a nonstationary variable and there is evidence in favor of capital mobility. If there is cointegration (g ≠ 0 ) and d = 0, the next step is to estimate the short-run correlation, b. The sample consists of a set of annual observations of the ratios of investment and saving from 1960 to 1996 for 22 developing countries: Argentina, Brazil, Chile, Colombia, S. Korea, Ecuador, Philippines, Ghana, Guatemala, Honduras, Hong Kong, India, Indonesia, Israel, Jamaica, Malawi, Nigeria, Pakistan, Paraguay, Senegal, Thailand and Venezuela. The data come from the World Bank indicators (1998). Domestic investment is defined as gross investment by the private sector and by the government, and domestic saving as private-sector plus government saving. Both are divided by the gross national product to obtain investment and saving ratios.
In the appendix we summarize the augmented Dickey-Fuller (ADF) test for stationarity of investment and saving. Both variables appear to be nonstationary in levels according to the ADF test, except saving in Colombia and India. A widely used alternative to the ADF test is the PhillipsPerron (PP) test. Even using this test, the results for saving ratios in Colombia and India do not change. As the null hypothesis is rejected only at the 5% significance level, we consider that saving 1.
2.
3. ) is a cointegration test statistic. Kremers et al. (1992) show that ECM t follows the normal distribution in large samples. Using a standard normal distribution table and performing a single-tailed test at the 5% significance level, based on the critical value 2.57, it is possible to reject the hypothesis of no cointegration for Chile, Guatemala, Honduras, Jamaica, Malawi, Paraguay, Senegal, Thailand and Venezuela. For small samples, they recommend using the critical values of the Dickey-Fuller distribution, which are higher. At these values it is possible to reject non-cointegration only for Chile. According to Jansen (1996) , absence of cointegration implies capital mobility.
Once the steady-state relationship is analyzed, the next step is to assess the short-run dynamics of saving and investment captured by the coefficient b. Except for Colombia, Guatemala, Hong Kong, Israel, Nigeria and Venezuela, the other countries have a saving-investment correlation different from zero. All the countries have a correlation significantly different from one except India. The mean estimate of b is 0.42 (when only the positive correlations are considered, i.e., when Ecuador and Venezuela are disregarded).
Theoretical models show that the sign and size of the short-run correlation depends on the nature of the errors and the structure of the economy. (Finn, 1990; Baxter and Crucini, 1993) . Therefore, the differences between the saving-investment correlations of the countries that make up the sample are fully compatible with what is expected from the theory. Besides this, these differences supply an additional empirical argument against the cross-section regressions, which assume that the saving-investment correlation is the same for each of the countries in the sample.
Using the original criterion of Feldstein and Horioka, one can conclude, then, that in Colombia, Guatemala, Hong Kong, Israel and Nigeria capital can be considered mobile since only the hypothesis of perfect capital mobility ( b 0 = ) was not rejected. Only in India can capital be considered immobile, since only the hypothesis of perfect immobility ( b 0 = 1) was rejected. The LM tests indicate that there is no autocorrelation, the ARCH test implies that the errors are homoskedastic and the Jarque-Bera test reveals that in most of the cases the errors are normally distributed.
For purposes of comparison, we also estimate the error correction model proposed by Jansen (1996) and Jansen and Schulze (1996) , i.e., equation (3.1). The results of the estimations are presented in Table 3 .
The results for short-run coefficients remain the same, but there is evidence of cointegration also for Colombia, S. Korea, Ecuador, Nigeria, Pakistan and Thailand. The values of b do not vary much and the conclusions remain valid. The diagnostic tests indicate, in the majority of the cases, no autocorrelation, homoskedasticity, and normality of the errors. 
compArison Among the ApproAches
We compare four approaches concerning the long-run behavior of saving and investment: the error correction model (ECM), the Dickey-Fuller test for current account stationarity and the cointegration tests of Engle-Granger and Johansen. The results are summarized in Table 4 . For the ADF statistic, the critical values at the 5% and 1% levels of significance are, respectively, -1.95 and -2.58. For the Engle-Granger test, the critical value at the 5% level of significance is -3.24. The Dickey-Fuller regressions for the current account do not include a constant and trend. The number of lags is chosen based on the significance of the highest lag. * and ** mean significance at the 5% and 1% levels, respectively.
The error correction model indeed points to cointegration for a greater number of countries than does the Engle-Granger test, but not more than the Johansen test. Nevertheless, the countries where cointegration is found do not always coincide. In fact, it is difficult to establish whether or not there is capital mobility based on the unit root/cointegration approaches.
Regarding the sort-run correlation, Table 5 summarizes the estimates of b for the error correction model and for two special cases of this model, the static equation and the equation in first differences.
The static equation in general results in estimates of the sort-run coefficient greater than those obtained with the error correction model. 4 The mean estimate is 0.64 while the mean estimate of
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the error correction model is 0.42. The estimates obtained using the equation in differences (0.34), however, are quite similar to those obtained with the error correction model. Finally, Table 6 summarizes the results regarding capital mobility. If b is not significantly different from zero, there is capital mobility; if b is not significantly different from one, capital is immobile; and if b is significantly different from zero and one, there is an intermediate degree of capital mobility. . Thus, equation (5.1) is estimated with short-run coefficients varying with time. We specify two regimes : 1960-74 and 1975-96 . We chose 1974 as a breakpoint because the literature indicates that there was a generalized trend towards greater capital mobility starting in the mid-1970s. Table 7 reports the results of the estimations. All the diagnostic tests are met. Note: t statistic in parentheses.
The hypothesis that the correlation coefficient is constant is rejected for Argentina, Chile, S. Korea, Philippines, Guatemala, Honduras, Indonesia, Jamaica and Pakistan. For the remaining countries, the correlation coefficient appears to be quite stable. For those countries where the coefficients did not seem statistically different between the two periods, other possible structural change periods were tested. For Brazil, for example, we establish different regimes for 1960-1989 and 1990-96 (since economic opening really only got under way in 1990) but this hypothesis was also rejected. For all countries except Argentina, Brazil, Philippines, Ghana, Honduras, Hong Kong, India, Senegal and Venezuela, the saving-investment correlation is smaller in the second sub-interval. These changes are consistent with greater capital mobility. Note: * means that the null hypothesis of constant coefficients is rejected at the 5% level of significance.
The error correction coefficients g do not substantially change in any of the countries. Again, the relevance of the intertemporal budget constraint is confirmed for Chile, Guatemala, Honduras, Jamaica, Malawi, Paraguay, Senegal, S. Korea, Thailand and Venezuela.
conclusions
The purpose of this paper is to verify if the error-correction approach is the best alternative to asses capital mobility in developing countries, as argued by Jansen (1996) and Jansen and Schulze (1996) for developed countries. An error correction model is a synthesis of the other approaches in the literature and is the only one with theoretical backing. We also estimate the equation of Feldstein and Horioka using the variables in levels and in first differences, to evaluate what type of bias these specifications imply.
The results of the cointegration tests are very contradictory. The superiority attributed by Jansen (1996) and Jansen and Schulze (1996) to the error correction model to test for cointegration does not appear to hold for developing countries. Regarding the short-run correlation, the specification in levels generates a considerable upward bias, favoring rejection of the hypothesis of capital mobility according to the criterion of Feldstein and Horioka. The specification in differences, on the other hand, does not result in bias. The same result is obtained by Jansen (1996) for developed countries. Jansen (1996) even establishes: "This is a reassuring idea when estimating saving-investment correlations for developing countries, for which often only short time series are available and consequently the long-run relation cannot be reliably estimated. Forgetting about the long run and switching to a specification in differences seems then to be a reasonable strategy." (p. 768). We believe, however, that perhaps it is not a question only of estimating the long-run relation reliably. The long-term coefficient implies solvency. In this way, when g = 0 is not rejected, i.e., when saving and investment are not cointegrated, the intertemporal budget constraint is simply not met. Evidence in this sense, for developing countries, can be found in Sawada (1995) . In this case, the correct specification is indeed the equation in differences.
We agree that in principle an error correction model should be a richer specification than those generally employed to assess capital mobility, but we disagree that it supplies more than one form of doing so, at least for developing countries. As seen before, cointegration between saving and investment or stationarity of the current account indicates solvency. If it is not possible to find evidence of cointegration, then this is indicative that the country does not meet its intertemporal budget constraint instead of evidence of capital mobility. As Jansen (1996) 
Appendix -tests oF stAtionArity oF sAving And investment
The results for the augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests for investment and saving (expressed as ratios of the product) are shown in Notes: For the ADF statistic. the critical values at the 5% and 1% levels of significance are. respectively. -3.53 and -4.20.
The regressions of the tests include a constant and trend. The number of lags is chosen based on the significance of the highest lag. * means the null hypothesis is rejected at the 5% level.
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